Objectives: Measurement of bone mineral density (BMD) is used frequently for assessment of bone strength and prediction of fracture risk in clinical settings. Among the bones in feet, fractures are seen often in second and third metatarsal of active sportsmen. This study was carried out to evaluate the reasons of increased risk of stress fractures in feet of active sportsmen by determining the BMD in overused regions.
Introduction
Measurement of bone density is used frequently in the assessment of bone strength in both clinical and research settings. 1, 2 Structural strength and stiffness depend upon the bone density and bone geometry and that bone density is also a good predictor of fracture risk as well as in load at failure in biomechanical testing. The dual energy x-ray absorptiometry (DXA), that typically gives information about bone mass on a projected area and the BMD, has been a useful technique for the evaluation of fracture risk via bone density and bone strength. Additionally, strong correlations between the BMD and bone strength can be found in several DXA studies. 3, 4 Bone mineral density of the metatarsal bones and the first ray in male sportsmen
Materials and Methods

Subjects
Two groups were examined in this study. The control subjects were 18 male students who had not done any sports regularly. The sportsmen groups were consisted of 20 professional soccer and 17 basketball players ( Table 1 ). All the subjects were meticulously examined by a physiatrist. None of them had joint problems and had undergone an orthopedic surgery, and they had not used any drugs affecting bone metabolism. The study was approved by the Ethical Committee of the Medical Faculty, University of Akdeniz. All the participants were volunteers (≥ 18 years old) and had given a written consent.
DXA measurement
Areal bone density was measured using a DXA tion, we used the Mann-Whitney test to find out the group which causes the difference. P values less than 0.05 were considered as significant.
Results
Physical characteristics of groups were shown in Table 1 . The body weights of basketball players were significantly higher than control group which may affect the BMD values. We specifically examined the possible correlation between the body weights and BMD values within the groups. We could not find a significant correlation between the body weight and BMD values in our study groups. Table 2 , the BMDs were significantly lower in the non-sportsmen group than the active sports group. However, there were no significant differences between the soccer and basketball players. The BMDs of the whole foot (of left & right) showed no significant dif-
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Discussion
In this study, we aimed to investigate the BMDs of all metatarsal bones and the effects of two types of physical activity (soccer and basketball) on the BMD values which may explain selective vulnerability of second and third metatarsal bones to fracture. We, here, specifically examined metatarsal bone density as well as first ray including joint area (TMT and MTP).
The subchondral density has been studied in various bones including joints such as hip, knee, elbow, wrist and ankle. [15] [16] [17] [18] To our knowledge, there is no study examining the changes in metatarsal bones in healthy subjects as well as active sportsmen. There are few studies which measured the BMD values in dry bones or cadavers.
12-14
The relationships among the bone density, mechanical properties of the bone and the fracture risk have been reported. 13 However, physical activity, nutrition, lifestyle and other environmental factors are also important determinants of the potential peak BMD. BMDs of second and the fifth metatarsal bones were examined in previous studies performed in dry bones or cadavers, because they are prone to both fracture and stress fracture. 19 Courtney et al. 1 reported that the average load at failure for the second metatarsal bone was higher than the third, but the authors did not carry out a statistical comparison. The load at failure was significantly greater for the first metatarsal bone than the others. 
Conclusion
This study has demonstrated that the BMDs of all metatarsal bones, whole foot and the TMT and MTP joints of sportsmen were higher than the non-sportsmen.
Because the degree of activity induced enhancement of bone mineralization were similar in all metatarsal bones of active sportsmen, increased incidence of fractures in second and third metatarsal bones must be partly due to anatomical positioning of these bones. Hence appropriate shoe designs which have support for second and third metatarsal bones may decrease fracture incidence in sportsmen.
Our results also documented weaker parts of the foot region, which may help to gain a better insight to improve different shoe types to support the lower regions.
